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THE SEMIPERMANENT ARIZONA LOW. 

By E. A. BEALS. 
IWcalher Bureau. +an Fraiwiaw. (‘dif.1 

Although there is a rainy and a wet season in t.he Pacific 
States, i t  is sometimes fair in winter and somet.imes it. 
rains in summer. It is the good weather in w-int,er niid 
the bad weather in summer that are so hard to predict, 
and I believe bettor work in forecasting siinimw r:i.ins 
would result froin a bet,tei- understanding of the :ict.ion 
of the air over t.he int,erior of Ca.lifornia and A , ’ .  ‘’1 Ron a 
during the suinnier months. 

In  tho book ent.it.led “ Wcnther Forec:i.st,in: in the 
United States, ” written by otiicids of tho Wea.ther 
Bureau and published iii 1816, I called at,t,ent.ioii t.0 the 
Great California Valley as the place of origir. of Iow- 
pressure areas that produce sonic of the suininer rains 
in the North PaciIic States. It is my opinion that this 
center of activity has not been given the st.udy it deserves 
in forecasting work. 

Among the effects of heated air over tl, definite land 
area mentioned as being the cause of rainfall is one by 
Griffith Taylor, who is attached to tlie C!oinnion~~~enlth 
Weather Service of Sustralia. 

The regions of -reatest convection are logically more likely to 
control the supply 07 lows and of rainfall and storms than the so-called 
‘‘centem of action.’’ 

Xr. Taylor’s esplaiiation of his theory can be found in 
Chapter XVIII of his book entit.led “ hustrnliaii Met,wr- 
ology, ” published in 1920. He mentions twn convei;tive 
ceiitew of action in Australia, one in tlie ;vest-central 
portion of the State and the other near the nort.h-ccntral 
portion. 

Over such centers [of action] * * * there is built u a rolumn 
or dome of warm sscending turbulent air. * * * The Euilding up 
of this “dome” increases dav by day, until it. becomes, aa it, xere, 
top-heavy. Thereupon an eddy of +r buds off-niuch a3 the satellitm 
leave the parent-and sails away in the current uf upper air drift., 
which is usually t.o the east. * ’ * The chief rains are associaid 
with the satellite lows, which bud oft’ and move to the southeast. 

I am in thorough agreement with him in what he calls 
“ the convection-clome hypot.liesis, ” whereby it is assumed 
that strong convection over heated areas produces eddies 
that later develop into st.orins of sufficient energy to 
cause rain; but the Aleutian low-pressure arm is, nerer- 
theless, the dominating factor in generating winter 
storms that affect the Pacific coast of the United States. 

However, a number of the storms causing suninie! rains 
in the Pacific and Rocky Mountain States, according to 
my belief, originate over the valley of the lower Colorado 
River and the great interior Valley of California. The 
low-pressure areas that lime their genesis in this region 
sometimes move east and cause rains in the Middle West 
and Eastern States, therefore they are of more than local 
importance in consequence of their far-reaching effects. 

He states: 

He states: 

9-22-1 

More rn.in fnlle from these lowpressure areas in the 
Pacific and Rocky Mounta.in States than is shown on the 
weather mq), as d l  stat.ions reporting by telegrclph are 
located eit.lier along the c.osst,, on plateaus, or in valleys, 
wlierexs the rilinfall is lieariest. in t.he niount.ains, where 
t.iiwe are iio st,ations reporting daily by telegraph. 

I n~yself have seen n cuinulus cloucl form over an intense 
ronflagmbion. The base of t,liis cloud was so dense as to 
indic.nt,e that rain might fall froiii it at, :in?- moment. 
This tire was in a lumber yarcl covering about an acre of 
ground, and tlie cloud was estiniu:.ril to he about 1,500 
inetcrs in heidit,. If intense heat over sucli a limited 
mea will pro&ce a cloud! a less (levee of heat over a 
larger area might generate eddies 111 tlie atmosphere 
that would dcvelop in to low-pressure area9 of sufficient 
intensity to produce rain. 

It is asserted that upwclliiig colt1 wat,ers in the Pacific 
Ocean just west of California mark the eastern extension 
of a so-called permanent hi 11-pressure area. From this 

of high humidity, so much so that the California coast is 
bathed in fog during the great.er portion of the summer 
nion ths. 

In cont,rast. to t,liis tlie interior vidley~ of California and 
lower Colorado valleys e s  erience temperntiires for days 
at a t.iine ahove the 100 mark. To the east of these 
vdleps the premiling suiiiiuer surfa.ce winds are southerly 
with low humirli tJ-. 

Thus the ctonditions are ideal for the forination of 
eddies in the air adjacent to the Sierra Nevada Moun- 
tains, and the only element- needed for a full-fledged 
storni is plenty of moisture. This is usually deficient 
because tslie air coining from t!ie ocean is cold, and though 
loaded t.0 its ctipncity wit.li moisture cxn not easily a. am 
become saturat.et1 when inised wit!) warnier and c P rier 
air till cooled 1 x 1 0 ~  t,he dow point. b?- expansion at  high 
elevations. 

As a rule eddies that form over the California and lower 
Colorado valleys do not produce rain until throu h con- 

purpose. phis they do to a grea.ter extent after moving 
some dist,ance to the north or east of the place where 
they are formed. 

The charts dis layed and ina.rked A, €I, C, etc. (fi s. 

eddies that ap arently separate from the dome of rising 
air over the cp alifonia and lower Colorado valleys as a 
result of a spell of hot weather that began on July 3, 1920. 
Before examinin this s ecific case, a few general re- 
marks on the su % i p  ject w 1 perhaps put the matter in a 
clearer light. 

high-pressure area come colc 7 northwesterly surface winds 

P 

rection they have accumulated sufficient moisture K or this 

1-2), illustrate t R e formation and movement of t a e 
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Frch Z.-DLWbutlon Os barometric preesure in wpstern United States and adjacent man areaa on varlow data. 
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It is my opinion that the summer movements of 
high-pressure and low-pressure areas in the western or- 
tion of the United States are controlled by the so-c&ed 
ermanent high-pressure area over the North Pacific 

bcean, which inipin es at  times on the North Pacific 

the California and lower Colorado v 
First, is a hot spcll in California, and consequently 

warm, ascending air, that either drifts north, northeast, 
or eastward, but most often northward. When it drifts 
northward one or more secondary low-pressure areas 
form before its northward limits are reached, after which 
they move eastward to the upper Mississippi Valley, or 
to the Lake region, where they dissipate. During the 
time they are moving nort.liward they near1 always are 

area over California and Arizona. %lie secondaries, 
which later form independent low-pressure areas, cause 
rain in their passage eastmard, but more es ecially in 

into an inde endent low-pressure area and moves east, a 

follows it to the 

Atlantic hi h ressure area, or an estmsion of the same, 

high-pressure area breaks loose froin t.ho North Pacific 
oceanic high-pressure area and begins to move eastward, 
another low-pressure area separates froni the dome of 
ascending air over California and Arizona arid moves 
north, to repeat the process of moving erst ilnd causing 
rain in the northern States between the Rocky Moun- 
tains and the Lake region. 

Sometimes a low-pressure area thus separates Emn the 
Arizona dome of rising air and drifts eastward. In t.liese 
cases the secondary, which usually forms over thc Ceii- 
tral Plains States, enerally becomes more energetic 
and lives long enou& to pass down the St. Imvrence 
Valley. In  doing YO it. gives abundants rain from t,he 
central Mississippi Valley t.0 the Atlantic cotst. Low- 
pressure areas t.liat separatc from thc Arizona tlonie of 
rising air and move eastward are usu:dly prerentd from 
rnovmg north by the presence at, that t.inir of :I lnree 
high-pressure area over tlie Nort.11 Piicific Statca. TKe 
northward movement, I believe, is t.he favorite nile for 
them to take, other t,liinp being eqnnl. 
The low- ressure areas in movpg eastward somethies 

with the abundance or deficiency of their sup Ly of heat 
and moisture. The high-pressure area may ago incroase 
or decrease in magnitude. 

Quite a number of low-pressure areas t,hnt separate from 
the dome of rising air over California m d  move norbh to 
British Columbia do so in connection with ti  low-pressure 
area formed over Alaska, which moves southeastward to 
British Columbia. In  t,hese cases the low- ressure area 

accession of warm air and (I storm of considerable energy 
is generated which gives abundant rains from coast to 
coast. 

These storms are most frequent during the transition 
period between summer and winter and again between 
winter and summer, as at  these seasons there is still suffi- 
cient energy in the Bering Sea center of action to send out 

J coast, and the dome o f warm, ascendin , turbulent air over 
eys. 

connected by a strcam line, with the oriainal f ow-pressure 

the upper Mississippi Valley. -4fter a secon K ary forms 

ortion of t R e North Pacific high- 
setached from the original oceanic 

overlying t P le -E outh -4tlant.ic States. A s  soon tls a sniall 

pressure area then 

increase an B sometimes decrease in energy, in iiccor~lance 

over British Columbia is reinforced by t. R e California 

and move northward. These.eddies cause but little rain 
in the San Francisco forecast district, but they are 
att,ended by fre uent thunder and lightning in the 

fires in the Pacific and Rocky Mountain States, some of 
which, on account of their inaccessibilit,y, do R great deal 
of damage before being put. out. 

On chart A are shown the isobars over t.he United 
States, western Canada, and Alaska on July 6, 1920, at  
8 p. m., 75th meridian time, escept the observations at  
the Alaskan stations were taken at  5 m., 135th meridian 

been rising steadily in central California. On the 4th the 
increase amounted to lo', on t.he 5t,h to so, and on the 
6th to about 5', making altogether a rise of 20' for t,he 
three days. During this period and for some time pre- 
viously temperatures were above the 100' mark in the 
lower Colorado Valley. 

At. the time represented by Clinrt A (fig.. 1) there was 
a low-pressure area over tlie upper Lake region, wliicli was 
connected by a trough with the low-pressure area over 
southwestern Arizona. I t  is difficult t.0 identify on t.he 
c1in.rts the previous movement of the low-pressure area 
over the upper Lake region, but presunisbly it originated 
about July 1 over southwestern Arizona and sout.hern 
California, where an eddy formed which nioved north to 
Saskatchewan, which place was reticlied the morning of 
July 3. This Saskatchewan low-pressure area then nioved 

diminished in intenshy; but, by t,he morning of t. e 5th, 
it  was reinforced by the Arizona low-pressure area and 
36 hours ltiter it was a full-fledged storm over the upper 
Lake region. It eventually moved down the St. Lawrence 
Valley and gave good rains in all of the northern States 
east of the Mississip i River. 

The features on tgis chiirt t,o which attention is called 
is t,he existing low pressure over soubhwestern Brizona 
nncl Californi:t, with its estension north t.o Washington 
and thence eastward to Calgary. This is the ty e that 
marks t.he beginning of the separat,ion of an edx- from 

valleys of California and the lower Colorado River. No 
inaiterial change took place in this distribution of pressure 
during the nest three days, esce t that ressure over 

area moved slowly southeastward and spread over a 
much larger territory. No rain u to this time had fallen 

$he evenin chart of July 9, 1920, is marked U, and 

over Boise, Idaho, and a.n increase in the size of the high- 
pressure area over the Pla.ins States. thunderst,oriii 
occurred at  Salt Lake City. Note also the osition and 

Bering Sea low- ressure area in evidence. 

on the loth, as no marked changes occurred. The 
barometric pressure decreased slightly over t.he Canadian 
Northwest, the high-pressure area moved farther east 
and a thunderstorm occurred at Helena. 

The chart for July 11 is marked C, and it shows the 
high- ressure area off the coast is undiminished, the 

relatively hi h pressure prevails over the Canadian 
Northwest. 8, this time rain is becoming more eneral 

Mountains and also in northwestern Washington and at 
a few places in British Columbia. The movement of 

mountains. The F ightning from them causes many forest 

time. For three days previously t 'E; e temperature had 

southeastward t.o western Sout.11 Dakota, where it Featly 

the dome of the turbulent rising air orer the i ieated 

California northward gradually fel P IS the B. igli-pressure 

am where in the San Francisco P orecnst district. 

it  shows the H ormation of a secondary low-pressure area 

size of the great high- ressure area off the p: acific coast 
and the further fact t g at  there is no offshoot from the 

No chart has g een drawn to illustrate the conditions 

troug fll to the northward is farther east than before, and 

and thunderstorms have occ.urred in the northern B ocky 
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the trough eastward caused a drop of about 7 O  or 8' in 
temperature in the i n h i o r  of California, while the Ari- 
zona tem erature remained as high ns ever. 

Chart 6 shows t,he conc1it.ions the nest day, July 12, 
and here we have more rain in t,he North Pacific States 
and British Columbia, inost of which is att,ended by 
thunclerstorms. The high-pressure area off the Pacific 
coast, has a. parently lost energy, and the secondar? over 

of a dorm developing over the Bering Sea which may 
coniplicate niatt,ers should it move southeastwa.rd. 

1 On the 13t.h the condit.ions are shown on Chart E (fig. 
3) a1~1  here is seen a development of the high- ressure 
area which was faint,ly indicat.ed on Chart C. # he low- 
pressure area over Bering Sea is less pronounced and t.he 
consoliclation of the southern Idaho lowpressure area 
wit.11 the original low-pressure area over Arizona has 
taken place. The rain bas diminished ancl most of it  
fell locally along the N0rt.h Pacific coast. 

Thc nest, dar, July 14, is re resented on Chart F, 

the liaromet,er is lower in the north and rainfall, which 
wtts lacking on Chart A, is quite abundant along the 
North Pacific coast. Thunderstorins have occurred at  
Sakima, Spokane, and Kalispell. Tem p :  eratures ' ' in the 
interior of Cdifornia have risen about S in consequence 
of the rearrangement of pressure. 

Tlie conditions on thc 15th are shown on Chart G, and 
here is seen a secondary w e r  Idnho, with relat.ively low 
pressure over the Canrdinn Northwest,. The high- 
pressure area lins mol-ecl enst, and the high-pressure area 
over the ocean is about the sunie NS it  WHS for the last 
few dcys. So €em reports froiii the ocean are available 
that this hi&-pressure mea. can not always be definitely 
1ocat.ed. TRe rtiins are li lit and sporadic. Thunder- 

also at  Winneiiiucca and at  Seattle. 
The h a 1  chart, marked H, shows a general unsettled 

condition over the Pacific States. Rain has fallen quite 
gemrally in Nevada, northern Washington2 and western 
Montana. The eastern high-pressure area is disinte- 

snd the relatively low ressure of tlie day before 

This low-pressure area two days later reached the upper 
Mississippi Valley, and still later passed down the St.. 
Lawrence Valley. In  doing so it caused showery con- 
ditions in the Lakc region and in t,he North At.lantic 
States. 

Not.hing ' would be acconiplished by showing more 
chart,s. for they me continually repeating themselres 
with slight variations all s p m e r  long. They give .a 
escellent idea. of the difficulties encountered in redicting 
rain during the summer months in t,he Pacilc States. 
During the enod from July 11 to 16, inclusive, rain fell 

district, and it was evident that it would do so. However, 
to place this rain eograpliically for 12-hour intervds 
was an entirely di erent niatter, and the only thing 
possible was to iiinke an indefinite forecast for places 
where it was thought the rain was mostly likely t.o occur. 

Rep0rt.s Poni blesico and a greater number .of upper- 
air observations would und?nht.edly be of help in ohti+- 
ing more deh i t e  inforniotion regarding the. meclinnisni 
of the offshoots froni what, 1: believe should bc called 
the semiperiiianent, Arizona low. The California. pnrt, 
which first attmct:ed iny a.ttention, now seeins to be an 
auxiliary that. probsbly has soiiiething to do yith direct- 
ing the movement of the streani lines, or eddies, north- 
ward. By taking the nort.hward course they receive 

southern IC P aho has renppea.red. There is also evidence 

which is somewhat like Cliurt, A;  l ut with this difference, 

storms occurred in the gout Ei iern portion of California and 

gratink over t e Canadittn Northwest Y I  as recovered somewhat. 

iii nea.rly a 7 1 portions of t,lie. San Francisco forecast. 

additional heat as well as ;I greater supply of moisture 
than would be the case if they inoved to the northeast 
or to the east. 

DISCUSSION. 

By E. H. Bnwre. 

With regard to the uotation from Grifith Taylor in 

m y  understanding. of t.his matter is that it has been 
resent.ed t.0 us quite fully by the 1at.e Professor Ferrcl in 

{is discussion of the forniat.ion of cyclones; in the minds 
of some, however, convection does not account for the 
formation of cyclones but has to do with the origin of 
showers and t.hunclerstorins as observed in the Tropics and 
other arts of tlie world. 

tlie view tha.t in overheated, arid areas there is uilt up 
a column, or dome, of W B ~ ,  ascending. turbulent air as 
suggested hy Tnylor. The Enelish idea, if I may so call 
it ,  is to the effect t.hat n.ir rises in tlireadlike streanis, not. 
e? mn.w, and t.hat between t.hese threadlike streanis thew 
mill be areas mer which air is descending. Hence the 
sporn dic character of thundershowers in regions of 
strong cwnvection, such a.s the sout,heastern part of t,he 
United Stn. t,es. 

Certainly if heat done would produce cyclones there 
shoultl he il considera.ble number over the far Southwest 
during the sumiiier, but such is not the case as may be 
easily seen by reference to MOWTHLY WEATHER REVIEW 
SI-PPI~EBCERT NO. 1: T es of St,oxnis of the United 
St.wt.es, hi- Bowie and $!eightiiinn. This report shows 
that for t.he months of June to September, indusivr. in 21 
yesrs but 30 cyclones mored out of t,he area un&r dis- 
cussion. or it lit.t.le more than 2 per year. 

t,he opening of M i .  Bea 4 s's article, I would remark that 

E Dou I; itless many mete,orologists will take esce. tion to 

DISCUSSION. 

By W. J. HUMPHRETB. 

The description of the development of cyclonic storms 
in the region of southwestern Arizona is both interesting 
and useful. 

It may be remarked with reference to the trough of 
low pressure which ap ears to be lax el induced b the 

that such trough, as indeed all troughs, is unstable and 
likely to break up into isolated lows or secondaries. This 
is especially true when the trough is well developed or 
flanked by a hi h to the west and another to tlie east 
with o positely % irected winds on its two sides.' 

If t R ere is no precipitation, such a low (secondary) 
probably will soon be dissipated. With recipitation it 
may persist for soine time and over long B istances. 

high tempemture of t K e Arizona and dlifornia va 9 leys, 

DISCZX8ION . 
By A. .J. €.€J.C~:I~Y. 

Before enterino upon a discussion of Mr. Realu's paper 
it would be helpful to state briefly the several aspects of 
the aper upon which there is general accord. 

dtliough the author does not specifically state the 
number of cyclones of the type described he has consid- 
ered, I think we can accept the co?pt iven in Supervising 

summer). 
Forecaster Bowie's statement, viz, a % out 2 per year (in 

1 T h i l e  this sltmtlon may and does nris., in the cold seasonit would tail in the warm 
r seldom If ever, extend BS far south month4 slnce high-nressure rims at that time of 

ns the l&er mn& of the Great Olrcrln In Nevar-Eonod. 


